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I  Introduction 


This  report  summarizes  the  research  under  contract  N00014-78-C-0147 
during  the  period  1  January  1981  through  31  December  1981.  Work  was  con¬ 
tinued  in  the  area  of  energetic  oxetanes.  Improvements  were  made  in  the 
synthesis  routes  to  3-  czidooxetnne  and  3,  3-di.i.itrooxetane  and  the  latter 
was  polymerized  for  the  fir3t  time.  Synthesis  procedures  for  3-&zidooxe- 
tane  were  adapted  for  scale-up,  and  multi- pound  quantities  were  produced. 
Work  was  initiated  on  the  synthesis  of  polycyclic  nitro  compounds. 

II  Oxetane  Chemistry 
A.  Discussion 

3-Azldooxetane  Polymerization.  In  the  preceding  report  ^ 
preliminary  studies  of  the  polymerization  of  3-azidooxetane  were  des¬ 
cribed.  Of  particular  interest  was  the  isolation  of  a  difunctional  poly¬ 
mer  with  a  molecular  weight  of  2100  when  the  polymerization  was  catalyzed 
with  boron  trifloride  etherate.  The  polymer  was  a  viscous  oil  and  was 
stable  to  about  125°0.  These  properties,  as  well  as  a  synthesis  route 
potentially  amenable  to  scale-up,  prompted  a  more  detailed  polymer  study. 

After  a  number  of  exploratory  experiments  were  carried  out, 
conditions  were  found  that  consistently  gave  polymeric  diols  with  mole¬ 
cular  weight  of  3,000  to  3,600.  The  reactions  were  carried  out  in  meth¬ 
ylene  chloride  solution  at  ice -bath  temperature  with  5  mOle  $  of  boron 
trifluoride  etherate  as  the  catalyst.  The  product  was  purified  by  wash¬ 
ing  with  sodium  carbonate  solution  to  remove  the  catalyst,  and  by  a 
precipitation  from  methylene  chloride-hexane.  Yields  of  the  purified 
polymer  were  generally  50-65%-  The  polymerization  was  scaled  up  to  . 
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the  150  g  level  to  give  a  product  with  a  molecular  weight  of  3110.  hy¬ 
droxyl  functionality  of  the  material,  determined  by  the  siilylation  method 
was  2.0>and  the  density  was  1.330. 

The  difunctional  nature  of  the  polymer  was  confirmed  by  con¬ 
verting  it  to  a  linear  polyurethane.  The  polymer  was  treated  with  a  stoi¬ 
chiometric  amount  of  2,  U-tolylenedi isocyanate  in  methylene  chloride  uitr. 
ferric  acetylacetonate  as  catalyst,  and  removal  of  solvent  gave  a  rubbery 
polymer.  A  sample  of  the  diol  was  sent  to  Dr.  R.  Feed  and  M.  Chan  (“faval 
Weapons  Center),  who  have  carried  out  extensive  formulation  studies  and 
testing. 

Some  further  studies  were  made  of  effects  of  reaction  vari¬ 
ables  on  the  polymerization  of  3-azidooxetane  with  the  objective  of  facil¬ 
itating  the  preparation  of  multi-pound  quantities.  The  above  conditions 
result  in  incomplete  conversion  of  the  monomer,  and  recovery  of  monomer  1 s 
a  tedious  step.  Higher  catalyst  levels  were  investigated  to  aleviate  this 
problem.  Under  parallel  conditions,  5  mole/o  of  catalyst  gave  a  >j-C Ojt 
yield  with  a  molecular  weight  of  3)000;  10  mole  gave  a  yield  of 
2.lvC0  molecular  weight  product;  15  mole$  gave  an  8($  yield  of  insoluble 
rubber. 

In  one  experiment,  (Fig  1}  the  rate  <.f  disappearance  of 
3-ai;idooxetane  was  followed  by  glc.  A  break  In  rate  was  observed  at  CC$ 
reaction,  corresponding  with  the  yield  of  isolated  polymer  under  these 
conditions.  At  this  point,  slow  evolution  of  gas  was  observed.  The  nature 
of  this  secondary  reaction  is  unknown. 
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Mixture: 3  of  methylene  chloride  and  hexane  ;av e  results 
similar  to  those  using  .wtliyiene  chloride  as  the  reaction  solvent. 
Ivther,  however,  gave  only  a  low  conversion  to  lov.  arlecular  weight 
polymer. 

The  properties  and  solubilities  of  the  polymers  were  a 
function  of  Xb;:  molecular  wei ghts,  us  shown  below.  ►'or  ease  of  for¬ 
mulation,  it  may  be  desirable  to  aid  for  molecular  weights  lower  than 
our  original  goal  of  approximately  3,500. 


Solubility 


Molecular 

Physical 

Metnyli  .'no 

State 

rule, ride 

hexane  ! 

CO  vlcit  .. 

<12.00 

liquid 

+ 

4 

* 

1200-1800 

fluid  oil 

•f 

+  ~ 

1800-2800 

viscous  oil 

- 

+ 

2&JO-31+dO 

gum 

- 

- 

3:u)0 

rubber 

- 

- 

- 

p 

Work  at  SHI  '  showed 

that  control  of 

molecular  we i g 

;ht  could 

be  achieved 

with  several  cxetanes  by  using  butanecicl  ccmplexed 

with  two 

equivalents 

of  boron  trifluoride 

etherate  as  the 

initiator.  V/e 

intend  to 

apply  this  procedure  to  the  preparation  of  larger  amounts  of  the  3-8-zido- 
oxetane  polymer. 

Synthesis  of  3»3-Dinltrooxetane.  In  the  previous  report,  ^ 
the  first  synthesis  of  3,3-dinitrooxctane  was  described.  Hydrogenation 
of  3-azidooxetaae,  catalyzed  by  palladium,  gave  3-arnii.n°o*etane,  which  was 
converted  to  3-nitrooxetane  by  oxidation  with  m-cbloroperbenroic  acid. 


!i 


Oxidative  nitration  then  gave  3,  3-dinityoe:.'  ta;ie. 


l "  i  3 


!12 

Pd 


CH^-CH-iWo 

!  c  I 

O — ai0 


OO  K 


3 


ai0-ca-no- 

I  "  !  " 

0 - a{2 


NaOH 

NaN0o 

AgNOj 


Cl 


0-  :Ti2 


The  hydrogenation  3-azid Joxetane  was  poorly  reproducible, 
apparently  because  of  catalyst  poisoning,  and  large  amounts  of  the  cata¬ 
lyst  were  needed.  Alternative  reagents  that  were  investigated  unsuccess¬ 
fully  are  lithium  aluminum  hydride,  sodium  borohydride  in  isopropanol, 
hydrazine  and  zinc.  Triphenyliphospkine,  however,  proved  to  be  a  reliable 
reducing  agent  for  this  reaction.  Triphenylphosphine  reacted  with  3-azi- 
dooxetane  at  room  temperature  in  methylene  chloride  to  give  the  phosphimir.e 
and  3-a.minooxetane  was  released  by  the  addition  of  ammonia.  The  overall 
yield  was  nearly  quantitative. 


CH0-CH-N, 

i  i  3 


0 - CH, 


+  (c6H5)3r 


ai2-ai-N=p(ogH5)3 


.□i. 


NH. 


i  ‘  i  ‘  ^ 

0 _ CHg 

The  oxidation  of  this  phocnhimine  intermediate  with  m-chloro- 
perbenzoic  acid  directly  to  3-nltrooxetai.e  was  also  studied.  The  reaction 
gave  3-riitrooxetane,  but  the  yield  was  only  20$.  No  reaction  took  place 
when  3-azidooxetar,e  was  treated  with  m-chloroperbebzoic  acid. 


Efforts  are  in  progress  to  find  an  alternative  oxidizing 


agent  to  m-chloronerbenzoic  acid  for  the  conversion  of  3-aroinooxet'ine  to 


i 
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j- nitre  'Oxeta.-i'?.  .heue t.  j o:  i vK  .  7  t ..  *  ' :+ 1  <*  , ; ;  c.v . r< .•:. J  u "i  trl- 

oxi  k-  failed.  i  ••»r..aetic  acid  < re.'1.  -aei..  •  *i  ay  ••..•.  ;?  cue  .  ride  gave  a 
10, 7  yield  of  3  ma  ?  r  x-xet  uie. 

A  no;  bor  crr-tic  o*..,  In  the  Sjutn-.-uis  s**  einitr  jox-.tano  vas 
tht  ox.'datl/e  nii.r  no::,  with  yicids  of  >■ . imprm.  -.I  .:.  thec  was  j: 
to  to  reaction  c  •  e  ;  a  m  of:  :'uo:at:..:t  -i  t-.--  runiLromct-.a:;:-  provid- 

-.11^  C.  1  7  L-  lijit  J  )  .l  i'tl'i'  . 

IVt  viously,  ur.s  jcce.'.'i'vl  uLt.e.-.'-tr.  aero  vvl"  to  :  'Cl  rl  7,  <„■  3, 

j-<:.initroox<.  tune  under  the  conditions  that  acre  a  for  j-fluoro-3-nitr  >- 
cxetane :bubblin<:  pi osphorous  pontufluorido  into  a  methylene  caloric?  solu¬ 
tion  of  the  monomer.  Subsequently,  an  excess  cl  phosphorous  pentaiTuori/ue 
vas  kept  in  contact  with  a  solution  ox'  3,  3-d:  ultr  oox^ta:  o  in  metiiy.e-nc 
chloride  for  30  hours.  Sots:-  ironanyed  rono-ser  was  -tl  -i  reco.ered  ;t 
the  hulk  of  the  material  l.au  polymerized.  A  6l  .1  .  lei.-  :f  solid  poiymer 
with  a  molecular  weijh.t  of  CS70  ’.a:  uitai as  well  as  a  21/  yifli  of 
lover  molecular  v.  lyht  materia1 .  —a.  molecular  weights  were  determined  by 

hy  vapor  pressure  osmometry  it:  acetone .  The  density  of  the  material  was 
1-59  and  the  molting  point  *uc  .:)j  .v2'l 


If  /  .•> 

GU-  C-  IJOo 


ci: 


1.0,, 

i:o(  -n:  .,ci2!  -o)  i» 

“I  ' 

KO  , 


’Mth  the  objective  ox’  obtaining  lox.-r  melting  polymers,  the 
ccpolynerization  of  3, 3-ainitrooxetr.no  vas  ex  a  •■intu.  Initially,  3-Tluorc- 
3-nitrooxetane  vas  used  as  the  comonomer  becn.ua- •  it  was  expected  to  be 
similar  in  reactivity  to  3, 3-dinitrocxetnne.  Three  preliminary  experi¬ 


ments  with  varying  (-.mount s  of  3, 3-dinitroov.cta.ia  (DI-JO),  3-i'luoro-3-nitro- 
oxetane  (PUO)  and  phosphorous  pentofluoride  are  summarized  below. 
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DUO 

IT'ij  °y  DUO 

FNO  Recov 

Mn 

- — r -g  — 

Mol  $ 

FhO 

MW 

1.5 

0.5  1  £3 

ihf 

33 

42CO 

1.5 

0.5  ■-  59 

1-37° 

11 

j460 

3-3 

0.2  1  C$ 

171° 

4 

- 

Of  importance  is  the  fact  that 

^igni 

ficant  reductions  of 

the  melting  point  were  achieved  by  the  Incorporation  of  s/iall  amounts 
of  a  comonomer  that  is  structurally  very  similar  to  3>3-dinitrooxetfine. 
What  is  needed  is  a  comonomer  with  reactivity  similar  to  that  of  DUO  and 
less  similar  geometrically  to  provide  polymers  with  low  glass  transition 
temperatures. 


It  was  found  that  3-nit,rooxetane  was  also  polymerized  with 
phosphorus  pentafluoride  in  methylene  chloride.  A  90 yield  of  low  mole¬ 
cular  weight  polymer  was  obtained  (MW  400)  with  gummy  consistency. 


Cli  -C3iH0o 

I  ?  . 


NO,, 

I 

H0(auCH-r5Ip))nH 


Unsuccessful  attempts  were  nr.de  to  synthesize  3-oxetyl  fluor- 
cdinitroethyl  other.  Reactions  of  j-hyuroxyexeiane  with  trif luorometh- 
anesulfonic  anhydride  gave  complex  unstable  products.  Similarly,  reactions 
of  3 - hydroxyoxetane  with  fluorodinitroothyl  triflate  did  not  give  the  de¬ 
sired  ether. 

B.  hxperimental 

3-Aminooxetane .  A  solution  of  50  g  (0.50  mole)  of  3-a.zx- 
dooxetane  in  800  ml.  of  methylene  chloride  was  cooleu  with  an  icc  bath  and 
132.5  C  (0.50  mole)  of  triphenylphosphine  was  added.  The  solution  was 
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allowed  to  stand  for  30  minutes  ut  0-5°C  and  for  3-5  h  at  room  temperature. 
The  methylene  chloride  was  removed  in  vacuo  to  leave  an  off-white  solid. 

An  ice-cold  solution  of  methanol  saturated  with  ammonia  was  then  added  and 
the  resulting  orange  solution  was  stirred  for  40h  :.t  0-p  ;  h  Distillation 
gave  31-98  s  ( 87 •  6$> )  of  somewhat  impure  3-aminooxetane,  bp  50-82° C  (60-70nm). 
A  repetition  of  this  reaction  gave  29*56  d  (8l.O)o)  of  3-aidino<:xetano .  The 
combined  distillation  residues  were  extracted  with  ether,  and  distillation 
gave  an  additional  8.8  g  of  3-a^inooxetane.  The  combined  yield  for  the 
two  reactions  was  70.32  g  (96.3 1°)  of  3-aninooxetane :  I1MR  (CDCl^)  ,^2.03 

(s,  2  H,-NH2);  4.0-4. 8  (m,  5  H,  oxetane);  IR  (film)  3350  (NH  ),  3000,  2900 
(C-H),  1605  ( NH2 ) ,  970  cm-1  (oxetane);  1.4500. 

3- Nitrooxetane .  A  solution  of  7-3  g  (0.10  mole)  of  3-araino- 
oxetane  in  100  ml  of  1,2-dichloroethane  was  added  over  1  hr  to  a  refluxing 
solution  of  71  S  (0.35  mole)  of  Qyjo  m-chloroperbenzoic  acid  in  600  ml  of 
1,2-dichloroethane.  The  reaction  mixture  was  heRted  at  reflux  for  3-lA  hrs 
longer  and  was  then  allowed  to  stand  at  room  temperature  overnight.  The 
precipitated  m-chlorobenzoic  acid  was  filtered  and  the  filter  cake  was  washed 
with  70  nl  of  1,2-dichloroethane.  The  1,2-dichloroethane  was  removed  in 
vacuo  and  the  solid  residue  was  distilled  in  a  Kugelrohr  apparatus  to  give 
6.35  6  (Sl.&ja)  of  somewhat  impure  3- nitrooxetane,  bp  77°?(0. 5-1.0m).  Pre¬ 
parative  gc  (9$  QF-1  on  Chromosorb  VI,  120°C)  afforded  an  analytical  sample: 
■SillMR  ( CDC1  )  (  4.87  (ra,  4  II,  -CUo0CH,-,- ) ;  5.23  (m,  1  II,  CHNO  );  IR  (GH_C10) 
3000,  2940  (Oi);  1550,  1370  (N02);  980  cm-1  (oxetane);  nD20  1.4bl8;  d=1.33. 

Anal.  CSalcd  for  C,  34.96;  H,  4.89.  Found:  C, 

34.77;  H,  ^.87. 
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Reaction  of  3-Aminooxetane  with  Peracetic  Acid.  To  a  refluxing 
solution  of  30  ml  of  dichlorethane  and  4o  g  of  4C fjo  peracetic  acid  in  acetic 
acid  vas  added  dropwise  a  solution  of  5*Og(0.68  mole)  of  3-Aminooxetane  in 
20  ml  of  dicliloroethane.  An  exothermic  reaction  occured  with  slow  green 
color  formation  over  one  hour.  The  solution  was  refluxed  for  4  hours  and 
allowed  to  stand  overnight.  The  solution  was  washed  with  a  1:1  um;v,..iun  hy¬ 
droxide-water  solution,  separated  and  the  solvent  evaporated  to  yield  1.2  g 
of  3-nitrooxetane  (17$)  by  nmr  r.ssuy. 

3, 3-Dinltrooxetane  by  Oxidative  Nitration.  A  cold  solution 
of  3.385  g  (.033  mole)  of  3-nitrooxetane,  1.45  r  (0.3 (•  mole)  of  sodium  hy¬ 
droxide  and  2.56  g  {.03o  mole)  of  sodium  nitrite  in  J?.  ml  of  water  was  added 
to  a  stirred  solution  of  12.2  g  (.072  mole)  of  silver  nitrate  in  25  ml  of 
water  at  0-5°C.  An  immediate  black  suspension  formed.  After  the  reaction 
mixture  was  stirred  at  0-[>°C  for  two  h,  25  ml  of  u  saturated  sodium  chloride 
solution  was  added  and  stirring  was  continued  for  30  min.  Tno  reaction  mix¬ 
ture  was  then  filtered  through  celite  and  the  filter  cake  was  washed  with 
10  ml  of  water  and  with  100  ml  of  ether.  The  aqueous  solution  was  extracted 
with  this  100  ml  ether  and  with  two  more  100  ml  portions  of  ether.  The  com¬ 
bined  ether  solutions  were  dried  and  solvent  was  removed  in  vacuo  to  leave 
1.6l  g  of  crude  product.  Column  chromatography  (silica  gel,  methylene 
chloride-hexane)  gave  1.07  s  (21. 9$)  of  pure  3»3-dinitrooxetane:  mp  70-71  0; 

NMR  (CDC1„)  y  5.27  (s);  IH  (CH0C1„)  3000,  2^0  (CH),  1580,  13? 5  (NO  ), 

1000  cm"'1'  (oxetane);  d=1.6y. 

Anal.  Calcd  for  0  H^Cy  C,  24.34;  II,  2.72.  Found :  C, 
24.54;  H,  2.80. 
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3,  3-Pinltrooxetane  from  Tetrani  tr< >i,n  thane .  A  solution  of 
1.03g  (0.010  mole)  of  3-ni trooxetune  and  2.0  g  (0.010  mole)  of  tetrani- 
tromethane  in  5  ml  of  methanol  was  added  dropwise,  with  stirring  over  a 
20  min  period,  to  a  solution  of  0.42  g  (C.010  mole)  of  sodium  hydroxide 
in  1  ml  cf  water  and  2  ml  of  methanol  at  0°C.  Stirring  was  continued  for 
30  min  and  10  ml  of  v/ater  was  then  added.  The  pH  was  adjusted  to  9-10  with 
sodium  hydroxide,  and  the  mixture  was  extracted  with  ether  (3  x  25  ml).  The 
combined  ether  solutions  were  washed  with  water  and  dried.  Removal  of  sol¬ 
vent  gave  O.89  g  (60$)  of  3; 3-dinitrooxetane. 

Polymerization  of  3» 3-Dlnltrooxetane.  A  dry  100  ml  flask, 
fitted  with  a  syringe  valve,  was  loaded  with  a  solution  of  0.113  g  (O.76  mmol) 
of  3, 3-dinitrocxetane  in  0.5  ml  dry  methylene  chloride,  and  was  flushed  with 
nitrogen-  After  40  ml  of  nitrogen  was  removed  by  syringe,  40  ml  of  (1.6  mmol) 
phosphorus  peataf .luoride  was  added.  After  30  h.  solvent  and  catalyst  were 
removed  under  vacuum  and  the  remaining  white  solid  was  extracted  with  15  ml 
of  methylene  chloride.  Removal  of  solvent  in  vacuo  left  0.018  g  (15.9$)  of 
3, 3-dinitrooxetane. 

The  solid  insoluble  in  methylene  chloride  was  extracted  with 
15  !3l  of  ethyl  acetate.  Removal  of  solvent  in  vacuo  left  0.024  g  (21.2$) 
of  a  white  solid:  MW  (VP0,  ethyl  acetate)  484;  I’\  (acetone)  3550  (OH); 

1575,  1300  cm  1  (NO  ).  The  solid  remaining  after  extraction  with  ethyl 
acetate  was  taken  up  in  acetone  and  solvent  was  then  removed  in  vacuo  to 
give  0.071  g  (62.8$)  of  poly  (3, 3-dinitrodimethylene  ether)  as  a  white 
solid:  mp  200-202°C;  HMR  (acetone-dg)  y 4.67  (br  s);  IR  (acetone)  3^00 
(OH);  1565,  1320  cm"1  (NO  );  MW  (VP0,  acetone)  2870;  d=1.59  (perfluoro-2- 
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butyltetrahydrof  uran-hexnne) . 


Copolymer  of  3# 3-Dinitrooxetane  and  3-Fluoro-3-nitro- 


oxetane .  Phosphorus  pentafiuoride  (25  ml,  1  mmol)  was  added  to  a  solu¬ 
tion  of  0.222g  (1.5  mmol)  of  3, 3-dinitrooxetane  and  O.069  6  (0.5  mmol) 

01  3-  fluoro-3-nitrooxetane-  in  1.5  ml  of  methylene  chloride  at  0°C  as  in 

the  above  example.  A  precipitate  formed  immediately.  The  mixture  was 

o 

stirred  at  0-5  C  for  5  h  and  10  ul  of  methylene  chloride  was  added.  The 
precipitate  was  filtered  and  was  washed  with  5  i'll  of  methylene  chloride. 
Removal  of  the  methylene  chloride  gave  0.14  g  (63/t)  of  -ecovered  3>3-aii:i- 
trooxetane.  Tl.e  precipitate  was  dissolved  in  ethyl  acetate,  washed  with 
water,  dried  and  stripped,  of  solvent  to  give  0.064  g  of  copolymer,  mp 
147°C  (r.o  darkening  to  24-5°C);  MW  (VPO,  EtOAc)  4260;  NMR  (Acetone) 

<f)  142.8  (a).  Quantitative  NMR,  using  a  known  amount  of  benzotrifiuoride 
as  ref  1  rence,  showed  that  the  material  contained  33  mole  %  of  3-fluoro-3- 
nitrooxetane  units. 

When  this  reaction  was  repented  using  2  mmoles  of  phospho¬ 
rus  pentafiuoride  with  a  reaction  period  of  20  h,  0.13  g  (595“)  of  the  3,3 
dinitreoxetane  was  recovered  and  9.064  g  of  copolymer  was  obtained:  mp 
137° C;  MW  (VPO,  iitOac)  34(0;  X'V  NMR  (acetone)  124.8;  11  mole  y3-fluori 
3-nitrooxe .ane  units  by  NMR. 

The  reaction  was  repeated  using  O.562  g  (3*6  mmol)  of  3,3- 
dinitrooxetane,  0.025g  (0.2  mmol)  of  3-fluoro-3-nitrooxetane,  and  1  mmol 
of  phosphorus  pentafiuoride,  with  a  reaction  period  of  42  h  at  room  tem¬ 
perature.  Under  these  conditions  0.351*  (£3$)  of  the  3, 3-dinitrooxetane 
was  recovered  and  0.053  tT  of  copolymer  was  obtained,  mp  171°C;  NMR 


(acetone)  <f>  143-0;  4  mole  'jo  3-fluoro-3-nitrooxetane  units. 

Polymerization  of  3-Azidooxetane.  1'reshly  distilled  boron 
trifluoride  etherate  (ll  .g,  0.077  mole)  was  added  with  stirring  to  a  solu¬ 
tion  of  150  g  (1.5  mole)  of  3-azidooxetane  in  750  ml  of  dry  methylene 

o 

chloride  with  ice-bath  cooling.  The  reaction  temperature  rose  from  5  C  to 
o  0 

20  C  in  10  min  and  returned  to  5  0  in  90  min.  nfter  3*5  h,  300  ml  of  meth¬ 
ylene  chlorine  was  added  arid  the  reaction  was  quenched  by  the  addition  of 
45  ml  of  cold  2M  potassium  carbonate  solution.  The  mixture  was  stirred 
for  30  min  and  the  solution  was  then  dried  over  magnesium  sulfate.  The 
methylene  chloride  solution  was  added  to  1100  ml  of  hexane.  The  mixture 
was  stirred  for  30  min  and  was  ullcwuG  to  stand  for  2.9  h.  The  precipi¬ 
tate  was  washed  with  hexane  (2  x  300  ml)  and  dried  uneer  vacuum  to  give 
82.2  g  (55.2$)  of  a  tacky  resin:  molecular  weight  3H0  (vapor  osmometer, 
ethyl  acetate);  hydroxyl  functionability  2.0;  density  1-33^;  RMT.  (CDClj) 
^3.58  (s);  1T<  (Oi  Cl2)  3,000,  2,900  (CM),  2190  (Nj,  1135  cm"1  (C-0-C). 

2  o 

Removal  of  solvent  from  the  methylene  chloride-hexane  solu¬ 
tion  left  33-7  e  of  an  equal  mixture  of  oligomers  and  3-azidooxetane,  as 
determined  by  NMR. 

Another  run  using  90g  (0.5  mole)  of  3-az.idooxetane  and  3 
(0.025  mole)  of  boron  trifluoride  etherate  gave  32 g  (6^)  of  fractionated 
polymer,  MW  3^10;  hydroxyl  functionatility  2.0. 

Gumstock  Preparation.  A  solution  of  2.158  C  (O.705  mmol)  of 
3-azidooxetane  polymer  (MW  3060)  and  a  catalytic  amount,  of  ferric  acetor.y- 
lacetonate  in  2.3g  of  methylene  chloride  was  flushed  with  nitrogen,  and 
0.123g  (0.705  mmol)  of  tolylene-2,  4- diisocyanate  was  added.  A  rubbery 
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mass  forced  within  5  lain.  After  5  days,  removal  of  solvent  left  a  resil¬ 
ient  rubber. 

Ill  Process  Development  and  Production  of  3-Azidooxetane 
A.  Discussion 

The  polymerisation  of  3-&zidcoxetane  has  given  potentially 
useful  difunctional  oligomers.  For  the  evaluation  of  these  materials  in 
formulations,  multi-pound  quantities  are  needed.  To  facilitate  the  pro¬ 
duction  of  such  quantities  of  material,  attention  was  paid  tc  Amplifying 
the  reaction  procedures  and  overcoming  problems,  such  as  exotherms,  that 
are  not  apparent  in  small  scale  experiments. 

A  new  route  to  3-hydroxyoxetane  from  epichlorohydrin  was 
developed  previously  on  this  program1  using  blocking  agents  to  control  the 
direction  of  ring  closure.  Acetic  acid  was  added  to  epichlorohydrin  and 
the  resulting  secondary  alcohol  was  protected  as  a  base-resistant  acetal 
group.  Base  hydrolysis  of  the  acetate  group  and  ring  closure  gave  the 
blocked  oxetane,  which  was  deblocked  with  mild  acid.  Conversion  of  3-hy¬ 
droxyoxetane  to  the  tosylate  followed  by  displacement  with  sodium  aside 


gave  3-asiaooxetane . 


CH^-CH-CHgCl 


CH^JOOH 


CH,000CHoCBCH  Cl 

o  d  i  P 


och(ch3)oc2h5 


□I  C00CHodl(0H)CH  Cl 
3  2  2 
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0'dl(CH)0C2H5 
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Changes  made  In  each  of  these  steps  to  facilitate  scale-up  are  described  below. 


a 


Eplchlorohydrln-Acetic  Acid  Reaction.  The  most  significant 
changes  in  the  first  step  of  the  sequence  were  minimizing  the  amounts  of 
excess  acetic  acid  and  of  ferric  chloride  catalyst  to  allow  the  use  of  the 
crude  product  in  the  next  step  without  further  processing.  The  reaction 
time  was  reduced  from  2  days  to  several  hours  by  using  a  reaction  tempera¬ 
ture  of  75-85°C  instead  of  0-10°C.  The  reaction  is  highly  exothermic,  but 
the  temperature  can  be  controlled  by  means  of  a  water  bath.  Scale-up  to 
the  150  mole  level  was  accomplished  using  a  22  liter  reaction  flask. 

3- Ghloro-2-(l-ethoxyethoxy) -1-propyl  acetate.  In  our  previous 
laboratory  procedure,  3- chloro-2-hydroxy- 1-propyl  acetate  was  treated  with 
ethyl  vinyl  ether  in  methylene  chloride  using  K)p  of  pyridinium  p- tolu¬ 
ene  sulfonate  as  the  catalyst.  In  the  scale- up  study,  the  more  effective 
catalyst,  p-tol uenesulfor.ie  acid  hydrate,  was  used  and  the  solvent  was 
omitted.  Thus,  crude  3-chloro-2-hydroxy- 1-propyl  acetate  containing  dis¬ 
solved  ferric  chloride  from  the  previous  step  was  treated  with  a  10^  excess 
of  ethyl  vinyl  ether  and  1^  of  the  catalyst.  The  reaction  was  exothermic, 
and  the  catalyst  slowly  lost  its  effectiveness  in  the  mixture.  These  pro¬ 
blems  were  solved  by  the  incremental  addition  of  both  the  vinyl  ether  and 
catalyst  to  the  alcohol.  The  reaction  product  was  simply  washed  with  water 
and  the  wet  material  was  used  in  the  subsequent  step. 


The  yield  of  blocked  material,  established  by  distilling  an 
aliquot  amounted  to  ca  75$*  A  side  reaction  product  was  identified  as  the 


acetic  acid-ethyl  vinyl  ether  adduct  (5-lo$). 


ch  ooou  +  ai -aioc0ii 
3  ^ 


at.  oooaioc  ih 
3  |  2  5 
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Some  low-boiling  material  (10$)  and  a  viscous  distillation  residue  appeared 
to  contain  ethyl  vinyl  ether  polymers. 

3-Chloro-^(  ? ->  th.oxyet  ?ioxy)  propanol  and  3-  ( 1  -bthoxyethoxv  ) - 
cxetane .  In  the  laboratory  scale  synthesis  of  3- ( 1-ethoxyethoxy) exotane 
a  suspension  of  3-chloro-f.'-(l-?thoxyethoxy)-l-propyl  acetate  was  heated  at 
reflux  with  an  excess  of  aqueous  sodium  hydroxide.  Ii.  larger  scale  reactions, 
the  heat  liberated  by  t..e  ester  hydrolysis  was  found  to  be  significant,  but 
the  reaction  was  readily  controlled  by  gradually  adding  the  acetate  to  the 
hot  alkali  with  cc.-.di'  ■  Hie  oyclination  of  the  resulting  propanol  driva- 
tive  to  3-(l-etbO.>'<*<<'  /.etane  was  then  accomplished  by  heating  the  two- 
phase  mixture  vdy?  ,-.g  ■:  s  stirring  at  108-115°  for  4-5  hrs.  The  product, 
at  this  stage ,  ’f-ya-ted  considerable  amounts  of  nonvolatile  by-products, 
and  the  mate.  Tag  .>  purified  by  vacuum  distillation.  In  an  average  150 
mole  run, only  8  to  8.5  kg  f  distilled  material  of  estimated  00$  purity  was 
obtained,  corresponding  30-4 0?  yield  based  on  cg.ichlorohydrin  usee  in 
the  first  step.  The  reason:  for  the  low  yields  of  3-(l-fcthoxyethoxy)oxetane 
have  not  been  determined,  but  contact  the  aeneous  and  organic  phases 
nay  be  inadequate.  More  efficient  stirring  or  the  use  of  phase  transfer 
catalysts  would  be  beneficial. 

3-Jiydrovyo::' ‘tane .  Removal  of  the  acetal  blocking  group  did 
not  present  difficulties  in  scale-up.  3-Hydroxyoxetane  was  obtained  in 
high  yield  by  treating  a  methanolic  solution  of  3- ( 1-ethoxyethoxy) oxetane 
from  the  proceeding  step  with  p-toluenesulfonic  acid  hydrate.  The  reaction 
was  only  aidly  exothermic  and  was  completed  in  several  hours  at  30-35°C> 
Removal  of  volatiles  gave  material  of  75-30$  purity,  that  was  used  without 
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further  purification  in  tl.o  synthase s  of  j-uxetyi  rosy  late. 

3-0xotyl  i'o:'., late,  y-oxotyl  tosvjate  was  obtained  by  react¬ 
ing  3-Lyd. oxyoxetuue  with  p-tolueneaulfonyi  chloride.  T.ne  process  was 
simplified  by  using  aqueous  sodium  hydroxide  to  remove  HC1  rather  tnan 
the  organic  bases  that  were  used  previously.  iurc  crystalline  3-oxetyl 
tosylate  was  obtained  from  relatively  i.-q  ure  3-hydroxyoxetane*,  and  the 
only  work-up  needed  was  air  drying. 

3 -A z i do oxe tane .  In  the  earlier  laboratory  procedure,  3-azi- 
dooxetane  was  obtained  in  55/>  yield  oy  heating  3-°xetyl  tosylate  with  so¬ 
dium  aside  at  160°C  in  triethylene  glycol.  The  product  was  removed  by 
vacuum  distillation  as  it  was  formed.  Yields  in  0.4  mole  runs  were  im¬ 
proved  to  S6-S0.  The  reaction  temperature  was  lowered  to  125-13o°C,  and 
the  amount  of  solvent  was  reduced.  The  product  was  generally  pure  without 
further  purification.  3n  several  cases,  prolong!,  n ;  the  vacuum  transfer 
resulted  in  contamination  of  the  product  with  small  amounts  of  triethylene 
glycol.  This  contaminant  was  reroved  conveniently  by  treating  the  material 
with  calcium  chloride. 

Large  scale  synthesis  of  this  potentially  explosive  monomer 
requires  shielding,  and  preferably,  keeping  a  diluent  in  the  receiver.  The 
solvent  volatility  probxem  was  eliminated  by  using  polyethylene  gl;;  col  400 
in  place  of  triethylene  glycol.  The  receiver  was  loaded  with  methylene 
chloride  and  was  kept  at  -  7 $°  1  to  prevent  evaporation  of  this  solvent. 

The  receiver  was  stirred  magnetically  \,o  prevent  crystallization  .  '  the  pro¬ 
duct.  The  sodium  tosylate  formed  by  the  displacement  reaction  is  somewhat 
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less  soluble  in  IEJ  400  tiiun  in  triethyieno  glycol,  and  toward  the  end 
of  the  reaction  a  fluffy  precipitate  prevented  continuation  of  the  dis¬ 
tillation.  As  a  consequence,  yields  were  reduced  to  CC%.  After  one  run, 
the  cooled  reaction  mixture  was  filtered  and  the  precipitate  was  washed 
with  methylene  chloride.  Continued  distillation  then  increased  tne  yield 
to  3l£ . 

Approximately  20  lbs  of  3-<i2idooxetanc.  was  produced.  In  ad¬ 
dition,  45  lbs  of  3-cxetyl  tosylate  is  on  hand. 

Other  Intermediates.  Acetic  acia,  a  weak  acid  with  pK  4.76, 
does  not  react  with  epichlorohydrin  in  the  absence  of  a  catalyst.  It  was 
found  that  chlcroacetic  acid  (pK  2.85)  and  dichloroacetie  acid  (pK  I.30) 
gave  adducts  with  epichlorohydrin  without  a  catalyst.  These  adducts 
reacted  normally  with  ethyl  vinyl  ether.  In  the  ring  closure  step,  however, 
the  haloacetate  moities  underwent  side  reactions  that  consumes  base.  At 
this  point,  problems  associated  with  the  acetic  acid  route  were  resolved 
and  work  with  the  chloroacetates  was  discontinued. 

B.  Experimental 

3- Chloro-2-Hydroxy-l- Propyl  Acetate.  A  22L  three-necked 
flack,  fitted  with  a  mechanical  stirrer  and  a  reflux  condenser  with  a 
drying  tube  was  loaded  with  9.16  k0  (152.54  moles)  cf  glacial  acetic 
acid  and  3y  g  of  anhydrous  ferric  chloride.  Epich vorohydrin  13*9  kg, 

150.27  mole)  was  added  to  the  stirred  mixture  in  a  slow  stream  by  means  of 
an  addition  funnel.  The  reaction  temperature  increased  to  42°C  as  1C$  of 
the  epichlorohydrin  was  added  in  20  min,  and  then  began  to  decrease.  The 
remaining  epichlorohydrin  was  added  in  5  min  and  the  mixture  was  heated 
carefully  to  68-70°C.  The  exothermic  reaction  recumed  and  the  reaction 
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temperature  vas  maintained  at  70-72°C  for  2  h  with  a  40°C  water  bath,  and 
then  was  kept  at  83-85°C  for  1  h.  The  product  vas  allowed  to  cool  to  am¬ 
bient  temperature  overnight,  and  was  used  without  purification  in  the  sub¬ 
sequent  step.  Careful  temperature  regulation  is  needed  to  maintain  control 
of  the  reaction  exotherm. 

3- Choro-2- ( 1-ethoxyethoxy) -1-propyl  Acetate.  The  above  crude 
mixture  was  placed  in  a  mechanically  stirred  50  I-  flask  fitted  with  a  re¬ 
flux  condenser.  The  flask  was  cooled  with  an  ice- water  bath  while  6  kg 

(83.2  moles)  of  ethyl  vinyl  ether  vas  added.  j^-Tolueneeulfonic  acid  hy¬ 

drate  (20  g)  was  added  and  the  reaction  temperature  rose  to  64-67°C  in 
7-10  rain.  When  the  mixture  cooled  to  l8-20°C,  another  6  kg  (63.2  moles) 
of  ethyl  vinyl  ether  and  then  25  g  of  the  catalyst  were  added.  The  reaction 
temperature  rose  to  55°C  in  15  min.  The  coolant  was  removed  and  the  mix¬ 
ture  was  allowed  to  cool  to  ambient  temperature  in  2  h.  The  mixture  vas 

washed  with  25L  of  water,  and  the  product  31-5  kg  (94$  yield)  was  used 
without  purification  in  the  next  step.  The  NW?  spectrum  showed  no  rajor 
impurities. 

3- ( 1-Ethoxyethoxy Joxetane .  A  mechanically  stirred  501- 

flat  with  a  reflux  condenser  was  charged  with  rjl  of  water  and  7.0  kg  (175 
moles)  of  sodium  hydroxide.  The  above  3-cbloro-2-( 1-ethoxyethoxy) -1-pro- 
pyl  acetate  was  added  from  an  addition  funnel  over  a  3-4  h  period  while  the 
reaction  temperature  was  maintained  at  95- 100° C  with  water-bath  cooling. 

The  mixture  was  allowed  to  stand  overnight  and  was  washed  with  5  of  water. 
The  product  was  stirred  with  7  kg  of  sodium  hydroxide  and  9  of  water  and 
the  mixture  was  heated  at  reflux  (105-115°C)  for  4  h.  The  product  was  al¬ 
lowed  to  cool  overnight  and  the  phases  were  separated.  The  aqueous  phase 
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was  diluted  with  I*.,  ox'  r  u;*l  extract*-  i  -..it."  >'■  oi‘  ex  IhyL* •  i>-  eh  It  rid-. 

PI st illation  of  the  combined  organic  piiurco  rnvv  J.o  kg  of  product,  op 
45-75°C  (0.1  v.r.)  shown  by  lull  to  con* tin  3- (l-ethoxyethoxy)  oxotano. 

(33-36$  yield  based  on  epi chlorohydrin) . 

3-Hydroxyoxetane .  The  combined  product  cf  two  runs  by  the 
above  procedure  was  stirred  with  a  solution  of  ^>0^;  of  p-toluenesull'onic 
acid  hydrate  in  7L  of  methanol.  The  reaction  temperature  rose  to  33°G  in 
20  min  and  remained  at  that  temperature  for  2h.  The  nixt  .!  .*  was  allowed 
to  stand  overnight.  Volatiles  were  removed  at  25-50° C  (kG  to  0.3  mm)  to 
give  11.6  kg  of  70-75n  pure  (by  NWR)  3-hydroxyoxetane. 

3-Cxetyl  Tosy.lr.te.  To  n  stirred  suspension  of  10.5  kr  of 

n-to1  uenesulfa.iyl  chloride  in  91  of  0 . 5‘i  sodium  hydroxide  in  n  501.  round- 

♦ 

cotton  flask  was  added  U.6  kt,  of  crude  3-hydroxyoxetane.  The  flask  was 
coded  with  a  water  bath,  and  a  solution  of  3.9  k0  of  sodium  hydroxide  in 

t.yL  of  water  was  ‘.hen  ixh.od,  at  a  rate  to  maintain  a  reaction  temperature 

o  . 

of  "JO  C.  After  tuc  addition  was  complete  (75  min),  the  mixture  was  st- rred 

at  £5-7;-°C  for  h 5  ..in.  The  product  us  1  1 lti  red  at  room  temperature  and 
was  washed  with  5-  *'•  portions  of  water  at  i.O'  C.  ‘flit  white  crystu Llirr- 
product  vas  air  dried  to  give  6.3  kg  of  00, ’■  *  are  oxctyl  tosylate  (IIMI;, 
23/  yield  bared  on  c pi chlorohydrin. 

3-At jnooxetane.  A  mixture  of  552  /;( 2.u2  :oles)  of  3-o/etyl 
tosylate,  240  g  (3-69  mole)  of  sodium  azide  and  1030  ml  of  triethylene  gly¬ 
col  was  placed  in  a  5  h  round  bottom  flush  equipped  v  ih  a  magnetic  stirrer 
and  a  vacuum  distillu'. ion  head.  The  distillation  receiver  was  cooled  with 
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ku  ice  bath.  The  reaction  sd'.tur.  was  heated  lehiue.  surety  shielding, 

over  a  45  min  period,  to  125-130*  f  (3-5  mm) .  Distillation  of  j-rizidoom- 

o  o 

tane  began  at  90  C  and  the  reaction  was  completed  after  h  at  C. 

The  distillate  was  diluted  remotely  with  LOO  i:u.  of  r.iethyxerw  chloride,  ana 

hMR  analysis  of  the  product  3hov.nl  Vj>.  g  (‘30/,  yield)  of  3- azin •  >0x0 tana . 

The  reaction  war.  scaled  up  by  a  factor  of  4  usin  a  hi  L 
flask  with  a  :aechunicui  stirrer.  f’oiy ethylene  glvuul  4u0  \:.u  used  as  the 
solvent  instead  of  triethylene  glycol.  The  receiver,  stir-ed  magnetically 
was  loaded  before  the  reaction  with  C  1  of  me  thy]  civ:  chit-ride  :.:Ki  ■..•as 
cooled  with  dry  ice.  The  original  distillate,  as  in  the  above  ifle, 
consisted  of  66 0  g  ol'  3-nzidcoxetar.c.  The  polyethy  L<  no  glycol  solut  ion, 
containing  precipitated  sodium  tosylute,  was  cool 01.  u:.u  filtered.  ho  pro 
cipitate  vos  washed  with  3-1  L  portions  of  rnethy lone  chloride.  Lir.ci ela¬ 
tion  of  the  combined  filtrate  ami  washings  in  trr  abo/e  apparatus  , e  an 
additional  150  g  of  3-aciuooxetane  (&.,/■  total  yh.  la). 

IV  Polycyclic  Nltro  Jor.ipuunas 
A.  Discussion 

Adassantaries  and  related  structures  with  nltro  substituents 
comprise  a  little  studied  class  of  compounds,  with  the  potential  of  provia 
inr.  high  density  and  energy.  Too  briut,ebread  nitro  comp;  ur.ds,  i-ritroad- 

3  4 

ainantane'  and  1, 3-dinitroadamuntane  ,  1:  been  known  for  tvo  decades, 

and  recently,  1,  3, 5 , 7- tetranetroa flv  -u-uitu j k  b  is  beer,  re,  ortcrV.  The 
only  example  in  the  literature  with  a  nitro  o..  the  bridge  was  obtuincu  by 
the  condensation  of  nitromethane  with  a  bicylic  diketene^. 


CO 


"he  syntheo  Is  of  2,  2-t’initroadumartane  \rj  the  nitration  of  adamar.tanono 


oxime  wj g  recently  descriced  at  a  technical  mectin. 


i 
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One  of  our  objectives  was  to  extend  ‘his  reaction  to  poly- 
functional  substrates,  so  attempts  were  made  to  optimize  the  preparation 
of  2,2-dinitroadamantane.  Steroid  oximes  react  with  nitric  acid  at  low 
temperatures  to  give  highly  colored  uitro-nitroso  intermediates,  '.hie), 
are  oxidized  to  dinitro  compounds  by  the  addition  of  hydrogen  ptvoxp’  \ 
Our  attempts  to  nitrate  adamantanonc  oxime  at  lov  tempera fc-r - -  with  vary¬ 
ing  concentration  of  nitric  acid  or  dinitrogen  tetroxide  gave  only  trace 
yields  of  the  dinitro  compound.  The  free  ketone  was  recovered,  ana  when 
hydrogen  peroxide  was  used,  the  major  product  was  the  lactone  resulting 
from  a  Baeyer-V illiger  rearrangement. 


0 


Under  Gilbert's1  nitration  conditions,  using  refluxing 
methylen  chloride  as  the  reaction  medium,  we  obtain<:d  a  30$  yield  of 
2,2-dinitro "damantano.  Uo  hydrogen  peroxide  was  needed  to  oxidize 

the  transient  nitro-nltroso  intermediate  to  the  dinltro  compound,  and 
the  latter  was  even  converted  to  the  Baeyer-V illiger  product. 


U.,d  -r  the  sane  conditions,  4 -bromo - 2  - ox i "iinoadar.autane 
v:as  converted  to  4-brcmo-2,2-dinitr.\ada:nantane  In  ^0$  yield.  The  crude 
reaction  mixture  was  treated  with  hydroxy lamine  to  reconvert  the  by¬ 
product  ketone  to  the  oxime,  and  renitration  gave  the  ainitro  adamantane 
in  70$  yield. 


0 

\~~Z  Br 
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These  nitration  conditions  were  applied  to  2,6-dioximir.o- 
adamantane  with  the  objective  of  preparing  the  tetranitro  adamantane. 

'Hie  initial  attempt  to  carry  out  this  reaction  gave  a  sharp-melting  solid 
product,  but  elemental  analysis  showed  that  the  material  is  an  isomer  of 
the  nitro-nitroso  compound. 

Another  approach  to  introducing  nitro  groups  into  steroids 
is  to  halogenate  an  oxime,  oxidize  the  resulting  halo  nitroso  compound,  and 
remove  the  halogen  reduct ively  .  This  approach  was  extended  to  the  ada¬ 
mantane  system.  The  reaction  of  2-oximinoadaraantane  with  N-bromosuc- 
cinimide  was  found  to  proceed  in  high  yield  to  give  directly  2-bromo-2- 
nitroudanantane .  As  in  the  direct  nitration  of  the  oxime  the  nitroso 
intermediate  exhibited  only  transitory  existence.  It  was  also  observed 
that  the  usual  peroxide  addition  step  effectively  destroys  the  product. 
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Similarly,  the  reaction  of  this  oxiue  with  aqueous  sodium  hypochlorite  in  ethanol 
gave  2 -ch loro-2- nitroadamnta  ic,  with  only  tranistory  formation  cf  the  clue 
nitroso  intermediate. 

The  prescence  of  water  is  these  reaction  was  found  tc  be  important  and  the 
direct  reaction  of  the  2-ox  hrdnoadanuntnne  with  bromine  in  methylene  chloride 
gave  the  expected  riny  expanded  n..iide,  4 -azo-5- homoadaaantanone  which  was 
isolated  as  the  N-bro::.o  derivat  ve. 


The  isolated  4 -brc::o-l -aoo- 5 - ho.joadanantanonc  was  unstable,  losing  bromine  on 
re cry stall! nation. 


In  the  steroid  work,  the  2-bromonitro  compounds,  tut  not  the  2-chlcrcaitro 

n 

compounds,  were  deholoyenated  with  sodium  borohydride.  The  ad unant anr  deriva¬ 
tives  behaved  similarly.  Thus  2-bromo-2-nitroada;;’.untane  gave  good  yields  of 
the  expected  2-nitroadamantane,  but  2-ahloro-2-nitio;ulamantane  failed  to  react 
under  similar  conditions.  The  oxidative  nitrution  of  2-nitroada::antane  pro¬ 
ceeded  normally,  and  this  procedure  gave  a  good  overall  yield  of  2,2-dinitro- 
adanantaue. 


Q 

II.  Stetter'  discovered  the  reaction  of  1,2,5,6-diepoxycyclooctane  with 
arrr.oniato  yield  2, 6-dihydroxy- 9-azubicyclo( 3.  3*  l)nonane. 
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Vi'e  have  initiated  work  to  convert  this  bicyclic  amine  to  energetic  compounds 
containing  nitramino,  nitrato  and/or  gem-dinitro  groups.  Nitration  with  acetyl 
nitrate  in  acetic  anhydride  yielded  the  nitroamine  dinitrate,  an  impact  sensi¬ 
tive  solid.  Under  milder  conditions  the  N-acetyl  dinitrate  was  formed.  Trans¬ 
esterification  of  the  nitraraine  to  the  diacetate,  2,6-diacetoxy-9-nitro-9-aza- 
bicyclo  (3. 3.l)nonane  in  high  yield  was  effected  by  sulfuric  acid  in  acetic 
anhydride.  The  diacetate  was  hydrolyzed  in  either  ?thanolic  potassium  hy¬ 
droxide  or  methanolic  aqueous  hydrochloric  acid  to  give  2,6-dihydroxy-9-nitro-9- 
azabicyclo(3. 3- l)nonane. 
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B.  bxperinental 

2-Bromo-2- iii trnadamnntane.  '.'-Ur- c-.osuceini  aide  (12.C 
O.O67  mole)  was  adacd  at  20°C  to  n  solution  ol'  4.0  (0.024  mole)  of 

2-oximinoadamantnne1^  in  100  ml  of  50 $  dioxane- water,  and  C  g  of 

solid  sodium  bicarbonate  was  added.  A  light  blue  color  formed  that 
faued  over  a  1  h  period,  solvent  was  removed  under  vacuum  and  the  resi¬ 
due  was  extracted  with  ether  (2X30  ml)  to  yield  a  crude  solid  which  when 
recrystallized  from  ethanol-water  gave  5*0  g  (60*36 )  of  2-bromo-2-nitro- 
adamantane,  mp  190- 191^  (sealed  tube,  sublimes).  IR(KBr)  3000,  2900, 

1540,  1445,  1340:  MMR  (CDClj)  /2.9  (2  H),  2.2-1. 9  (12  H). 

Anal.  Oalcd  for  Ci<^i4BrN02:  C,  46.15;  H,  5-38;  N,  5.38. 
Found:  C,  46.00;  H,  5.3O;  N,  5.27. 

2- Chloro-2-nitroadamantane .  Aqueous  5^  sodium  hypocnlorite 
solution  (30  ml)  was  added  to  a  solution  of  0.2  g  (0.0012  mole)  of  2-ox- 
iminoadamantane  and  0.2  g  of  sodium  bicarbonate  in  20  ml  of  dioxane. 

There  was  an  exothermic  reaction.  The  solution  was  stirred  for  one  hour 
and  100  ml  of  water  was  added.  The  solid  which  formed  was  filtered  and 
recrystallized  from  ethanol- water  to  yield  0.2  g  (76$)  of  2-chloro-2- 
nitroadamantane,  mp  200-201°C  (sealed  tube,  sublimes).  1R  (KBR)  2960,  2900, 
1550,  1455,  1350,  1330. 

Anal.  Calc'd  for  CicJI^ClfK^:  C,  55-68;  K;  6.49;  N,  6.49. 
Found:  0,55-29;  H,  6.59;  N,  6.30. 

2-Nitroadamantane.  To  a  solution  of  4.0  g(0.015  mole)  of 
2-bromo-2-nitroadamantane  in  50  ml  ethanol  and  10  ml  of  water  was  added 
2.0  g  of  sodium  borohydride  and  the  mixture  was  stirred  for  1  h.  GLC 


analysis  showed  that  the  starting  material  was  consumed.  The  solution 
was  neutralized  with  50$  acetic  acid  solution  and  the  ethanol  was  evapora¬ 
ted;  50  ml  of  water  was  added  and  the  solid  which  formed  was  filtered  to 
yield  2.4  g  (80$)  of  2-nitroadamantane  as  a  waxy  solid,  mp  l65-l66°C  (subl) 
IR  (Ktr)s  2950,  2900,  1540,  1450,  13o0;  nmr :  4  4.25  (t,  1  H),  2.75  (2  E), 
1. 9-2.1  (12  H). 

Anal.  Calcd  for  OpoH^HOg:  C,  CC.Z);  H,  8.20;  N,  7-3^. 

Found  C,  64.83;  H,  8.24;  N,  7.58. 

2 , 2-Dinitroadamantane .  To  a  solution  of  2-nitroadamantane 
(0.2  g,  0.  001  nolo)  dissolved  in  10  ml  ethanol  was  added  a  solution  of  0.4 
of  sodium  nitrite  and  0.2  g  cf  sodium  hydroxide  in  1C  :.l  of  water.  This 
solution  was  stirred  for  10  minutes  and  10  ml  of  water  containing  0.5  .• 
of  silver  nitrate  was  added.  An  immediate  black  precipitate  of  metallic 
silver  was  observed.  After  30  minutes  of  stirring,  the  solution  was  mixed 
with  60  ;.il.  of  other  and  filte/co.  The  ether  layer  was  separated  unu  evapo¬ 
rated  to  yield  0.2  g  (01$)  of  tie  crude  product,  whied  was  found  ly  glc 
analysis  to  contain  only  a  smell  amount  of  2-r.damantanor.e.  Kecrystalliza- 
tion  from  hexane  gave  pure  2,2-dindtroadar.anta‘r';  np  212-21  3°C  (d,  sealed 
tube);  IR;  31f,0,  3000,  I57O,  l4o0,  13GO,  1320;  nmr  (CDCi^)  „  1. 9-2.1 

(12  II),  3-4  (2  II);  density  1.40. 

Anal,  calcd  for  :  c/  53.09;  H,  6.19;  N,  12.38. 

Found:  C,  53-30;  II,  6.l6;  N,  12. 25. 

Direct  Hitration  of  2-0ximinoadanantniK  .  To  a  solution  of 
0.10  f-  (0.0006  mole)  of  2-oximi noadamantane  in  10  ml  of  ref  ing 
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methylene  chloride  was  added  drop  wise  2  ml  of  .a'-  lOC'jS  r.  i  trie  acid, 
light  bluish  color  formed  arid  alter  severe],  minutes  dissipated.  Glc 
analysis  after  30  minutes  showed  two  peaks  representing  about  '{(/,>  2- ad- 
aoantanone  and  30$  2,2-ainitroudamantane.  Tne  solvent  van  evaporated 
and  the  residue  was  washed  with  20  ml  of  water,  redissolved  in  10  ml  of 
methylene  chloride  and  chromatographed  on  a  medium  pressure  silica  gel 
column  with  methylene  chloride.  The  toatcrial  which  passed  rapidly  thru 
the  column  was  isolated  from  the  methylene  chloride  solution  by  evapora¬ 
tion  to  yield  30  rag  (21$)  of  2,2-dinitroadamantane  identical  with  the 
material  prepared  above.  The  column  destroyed  the  ketone  and  no  other 
materials  v,ere  recovered  from  the  column.  Repetition  of  this  procedure 
using  refluxing  chloroform  in  place  of  methylene  chloride  yielded  only 
2-adamantanone  with  no  2,2-dinitroadaimntane  detected  by  glc. 


^  -  uromo-  2 , 2  -  din  1  troada:  vir.tm  .  1»-F>r  c  mo  -  2  -  ad  amnnatanone11, 

mp  l6l-lh3°C,  was  converted  to  its  oxime,  17;.-176°C.  To  solution  of 
1.0  g  (0. 0041  mole)  of  the  oxime  in  50  ml  of  refluxing  methyle..  m.ioride 
v-s  adned  dropwlse  5  ul  °f  .XJ-lOO/o  nitric  acid.  There  was  an  imm..  irate 
Creun  co'".  . r.rmed  which  disappeared  in  about  1  minute.  The  solution  was 
refluxed  for  20  min,  coolc.i,  and  washed  with  20  ml  of  1C /,  sodium  carbonate 
solution.  The  methylene  chlorj.do  was  cvnpop.’tf  1  to  yiel.d  a  waxy  tclin. 

The  infrared  spectrum  of  the  crude  mterinl  .On w  !  a,pr  -xitulely  a  o~->0 
■mixture  of  4-broao-T-ada:.vonta:r -.re  and  4 -broom-  :  'n.1! rood;:- inn  tape  ('720 
and  1590  cm- 1 ) .  Tire  crude  solid  vas  dissolved  in  10  ml  -f  *.  ti.an::  and  1  y 
of  hydroxy lamine  hydrochloride  and  5  ml  of  10$  sodium  carbonate  solution 


were  added.  This  solution  was  refluxed  one  hour  and  allowed  to  stand  it 


hours  at  room  tempera. tore. 


The  ethanol  v; 


.  »_> 


evaporated  and  the  oryunic 


T 


materials  were  extracted  with  methylene  chloride.  This  solution  was  heated 
to  reflux  and  1  ul  of  90- IG'/1  nitric  acid  was  added.  A  -reen  color  a^ain 


formed  and  dinay-yearc d.  After  JJ  sin,  the  solution  was  cooled,  vusheu  with 
10  mi  of  1C $  sodium  carbonate  solution,  and  the1  methyl  one  enloride  was 
evaporated.  The  infrared  spectrum  of  the  crude  product  showeu  a  30-70 
ratio  of  ketone  to  dinitro  compound.  The  above  procedure  I  or  hydroximat ion, 
nitration,  and  extraction  was  repeated  for  a  third  time.  The  infrarec. 
spectrum  of  the  crude  material  showed  the  ketone  was  essentially  consumed. 
The  crude  solid  was  re crystallised  from  hexane  to  ..  ield  0.7  .■  ( 6<Jp )  of 
l-bromo-2,2-cinitroudamanatar.r\  nip  227-  2  jO*;  lh:  yO^.h,  3000,  Ip 25,  ll^O, 
1330,  1355,  1315;  nor  f  1.9-2. a  •>.}  !*),  3.2  (l  *•;,  j.i  (i  0.5  (1  !:). 


Found : 


.■.r.al 


39. Chi  K, 


■  fe.lcd  ter  C^QlI-^^fri’JgC^ : 
1-73;  K  3.57. 


•  .'V  , 
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Titration  c.f  2>fc-T'l<t-:imin'V.d-.:  '-.ritanr.  2 , 6  - 'Vlami rite r.e  lionc 
was  prepared  accord* ng  to  ti<  l.'tercture'“'  and  war.  converted  to  Its  oxime . 
To  a  suspension  of  1.0  <;  (O.r-O'jl  nolo)  of  the  oxime  in  50  ml  of  •  ethylene 

chloride  was  added  dropwise  a  total  of  3  wl  of  90-102, t  nitric  ucid  over 
tne  course  of  20  .-minutes.  The  solution  became  iidit  blue  immediately,  and 
when  15  drops  of  the  acid  was  addeu,  she  solid  dissolved.  After  the  addi¬ 
tion  was  complete,  the  solution  was  refluxed  for  20  min  during  which  tine 
oxides  of  nitrogen  were  liberated.  The  solution  was  cooled  and  neutralized 
with  5$  potassium  hydroxide  solution  to  pi  I  9-  The  methylene  chlorine  layer 


1 


evaporated  to  0.6  j  of  a  ^vi-eniy}.  semi  -pc  lid.  i' il:'  r.<  t,.ia  . 

was  chromatographed  on  a  ailica  ,el  preparat '  ve  T:.';  pia.t<.  with  '  ut;.  /lc-.c 
chloride.  Four  major  handc  wrv.  extracted  from  The  silica  .j.j  with  euwr.il. 
The  Fastest  moving  hand  shoved  IF  peaks  indicative  of  a  nitro.etcnc-  and  was 
not  further  identified  (yield  approx j cate ly  5  mg. ).  The  next  footed,  bund 


was  identified  as  Z,6- adawantanu ione  (yield 


IV. 


ZQffl).  A  Lane 


not  move  on  the  plate  was  identified  as  2,  c -dioximinoudu-  u ntune  (yield  Vj 
me,  lOjt).  The  remaining  hand  which  ms  the  slowest  of  the  bands  which  novae 
consisted  of  50  mj  (10$)  of  white  solid,  lsp  If4-it5°:j;  JR  1575, 

1440,  1340. 

3110 •  f°r  3l0Hl2\06;  42.25;  F,  d.25;  X,  ±y.Jl. 

Found:  1,  42.20;  u,  4.32;  h,  If. 2 g. 

faction  o'  50  iv,  of  the  solid  in  if  ml  of  ethanol  and  ?  .ml 
of  30J»  hydrogen  peroxide  at  70  for  '  ne  hour  resulted  Ar.  j  c»s ..  of  the  IF  ni  +  ro 
absorptions. 

Reaction  of  2,2-  bin  itroadaixintano  with  hydro  n  n  hero /rid  •  - .  A 
solution  of  50  my  of  2,2-d.initroada  antanc  end  5  m3  on  3..*).  hydro;."1.  peroxide 
in  10  ml  of  ethanol  was  refluxed  for  one  hoar.  V f.  and  ft.  showed  :iainl. 

4  - oxo- 5 -henoacamantane,  compared  with  an  autnentic  sample"'^'  "‘h 

2, 6-'Dlnitrato-9-nitro-9-aza-hicyclo( 3. 3. l) nonane,  To  u 
solution  of  100  ml  of  acetic  anhydride  and  4.0  g  (0.025  mole)  of  2,6-oi-- 
tiydroxy-9-azabicyclo( 3. 3.1) nonane  was  added  0.5  g  of  solid  sod  ion  chloride 
and  25  ml  of  95^  nitric  acid.  The  reaction  was  exothermic  and  oxjf.es  of 
nitrogen  were  released  for  a  20  min  period.  Tr.c  mixtur-  was  allowed  ♦  * 
stand  for  if  L  and  was  then  quenched  with  or.c  liter  of  water.  The  solid 
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which  firmed  was  filtered  and  recrystallized  from  ethanol-water  to  yir-id 
j.o  $  (51t)  of  ^,6-dinitroxy-9-nitro-9-asaticyclij(3. 3. l)nonaae,  :r.p  119-120°C. 
1R:  3050,  3000,  1620,  .520,  1430,  -3-0,  J','60;  inr:  /  2.05  (8  H),  5.0 

(4  H).  The  material  was  detonated  by  a  mod.  .ate  hammer  flow. 

Anal,  da  led  for  C^U  l^Og.*  C,  32-88;  K,  4.11;  U,  19.13. 
Found:  C,  38-02;  II,  4.50;  H,  13.28. 

2,6 -  blnltrato-9-acetoxy-9-uza-bicyclo(3- 3- 1) nonane.  A  inix- 
ture  of  150  ml  of  acetic  anhydride,  0.1  ^  sodium  chloride  and  20  ml  of  90- 
100#  nitric  acid  was  stirred  for  1  h  with  cooling.  Then  3.0  g  (0.5  mole) 
of  2,6-dihydroxy-9-azabicyclo(3- 3-l)nonane  dissolved  in  50  ml  of  acetic 
anhydride  was  added  over  15  min,  keeping  the  temperature  telow  50°C.  The 
reaction  was  stirred  for  one  h  and  was  then  added  to  one  liter  of  water. 

The  solid  which  formed  was  filtered  and  recrystallized  from  ethanol  to 
yield  9-0  (6l>)  of  2,6- d initrato-9-acetoxy-9-a7.abicyclo(3- 3- l)r.>  sane, 

:np  99-lCl°C  (ethanol);  107-109°C  (hexane);  I'd:  3050,  30CO,  l6'20,  1420, 

1210;  nmr:  *2.0  (ll  H),  4.3  (4  li). 

Anal.  Galcd  for  C^Kyr  .f  0y:  2,  4i. 52)  H5.19;  21,.  l4.?3- 

Found:  C, 42.08)  11,5-01;  I!,  14.05. 

2,(.  blncetato-9-nitro~9- azablcyclo( 3- 3- 1 j nonane.  Concentrated 
sulfuric  acid  (3  ml)  was  adaed  dropwise  to  a  solution  of  1.0  g  (0.0037  mole) 

of  2,6-dinitroxy-9-nltro-9-azibicyclo(3- 3- l)nonune  in  30  ul  of  acetic 

o  o 

anyhdride  at  2  C  and  the  solution  wus  allowed  to  warm  to  oQ  C.  After  one 

hour,  the  solution  was  poured  into  500  ml  of  ice  und  water  and  the  solid 

which  formed  was  filtered.  11c- crystallization  from  ethanol  yielded  O.67  g 

(75)6)  of  2,6-diacetoxy-9-nitro-9-azabicyclo(3-3-l)nonane  ,  mp  152-153°C; 

IR:  3050,  1720,  1520,  1420,  1360;  nmr:  S  2.05  (l4  H),  4.9  (4  II);  '■} 
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a.-.  -*52  U  284o). 

Ann  l. 

Pound:  J,  10. If;  H, 
2,£-l 

tion  of  3.0  [■  (0.01 
noncne  in  [30  al  of  :: 
acid  solution  was  n. 
residue  war;  extract;, 
layer  was  serrate  a 
30  1  of  nexune.  T! 

to  yield  1.1  ( 333-  / 

rap  il+  3-lU50C;  IR: 

(2  H),  4.3  (2  I!). 

Anal . 

Found:  C,  47.5 6;  H 


Culcd  for  C^It^  •  r’>  ‘.'O-YO;  li,  ^.(h;  Ji,  >/[,. 

6.26;  N,  9.84. 

dhudrov.y  -  9-nitro-v-nsuL  .  v  o( 3.  3- 1) .nonane.  A  eo 3  u~ 

[3  ’nolo)  of  c, t-diaceto*y-  9-nitro-9-uzuhicyclo(3*  3- 1' 
•ethanol  and  1  tl  of  concentrated  aqueous  hydrocr.3  r.rj  c 
f 1  axed  for  2  h  and  the  vti.an;l  was  evaporated.  The 
c:  with  31  .nl  of  wat>  r  and  [30  ml  of  ether.  The  ether 
and  the  product  was  precipitated  fron  the  ether  wit: 
se  solid  thus  cdtained  was  recryctallized  fro.;!  ethanol 
of  2,i  -dihydroxy- S'-nitro-3-axabicyclo(3.  3-  l)nonune, 
,40 0,  y050,  1520,  1430,  1320;  mur  /  2.0  (3H),  4.0 


tilled  for  doHTj  N.h,  :  ',  4'?. [32;  I!,  6-93;  W,  13- 86. 

-J  -t  (.  ii 


01;  K,  13.97 
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